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CHAPTER I
INTRODUCTION

Geotextiles have increasingly become an integral part of many
civil engineering applications in recent years. Slope reinforcement,
rctaining walls, road construction, and drainage nets are a few among
the many applications of these materials (3,12,16,19). One area which
has been receiving more and more attention is the reinforcement of road
embankments overlying soft subgrade soils (3,12,16,18,19). Much of the
literature relating to the effect of geotextiles upon the performance
of these embankments is conceptual in nature and have not been fully
supported by experimental and theoretical studies (16). These analyses
have primarily focused upon an embankment overlying one particular
soft/weak subgrade soil. The analysis of an embankment overlying more
than one subgrade soil has generally not been required, but has direct

application to certain areas of the country.

1.1 Statement of the Problem

The effect of frozen ground on engineering considerations must
allow deviations to conventional design practices. Normaily one of two
broad principles can be foilowed based on whether or not the frozen
foundation soils are thaw-stable or thaw-unstable (14). When
foundation soils are thaw-stable, conventional design and construction

methods may be used (14). Where foundations soils are thaw-unstable,

conventional design and construction methods must be modified to
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L attain sufficient functional and economic use of the facility.

Previous studies by the Alaska Department of Highways of roadways
constructed over permafrost have shown that progressively deeper
thawing generally occurs beneath annually snow covered roadway side
slopes (9). The insulating effect of snow-covered side slopes prevents
the compiete refreeze of the underlying soils during the winter which
b results in a progressive propagation of unfrozen ground or talik to
occur annually (22). The degradation of this talik can be further
accentuated by drifted or plowed snow accumulating on the road- way

% side slopes (14). The resuiting decrease in shear strength and loss of
bearing capacity results in consolidation and slope settlement in the
thaw-unstable permafrost or talik (9,22). The thaw settlement which

r. results due to these effects usually show up as lateral cracking on the

wearing surface of the roadway (22). (See Figure 1.1)
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Figure 1.1 Typical roadway distress from thaw beneath slopes. E:

Methods' such as the use of a peat underlay, placement of g

insulation layers within the embankment, toe berms, and air duct ::

'P systems have been used to try and prevent and/or maintain the E
E foundation soils in a frozen state (9,10,22). These methods have !
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aided in the short term maintenance of roadway integrity tut have not
solved the problems of long term thaw related settlements.

The use of geotextiles as a means of facilitating the
construction of embankments on soft/weak foundations has gained in
popularity (16). The mechanisms by which the fabric affects the
pvehavior and performance of conventional aggregate-fabric-subgrade
systems include the folleding:

(1) Separation of the aggregate and subgrade soil

(2) Provision of a filter medium to facilitate drainage

(3) Confinement and reinforcement of the aggregate layer

(4) Alteration of the failure mechanism in the subgrade soil (19)
The application of these principles in permafrost regions take on a
slightly altered meaning. Separation of the aggregate and subgrade
soil would primarily be affected over the talik zones. Although frozen
soil may exhibit deformation and separation upon loading, the area of
greatest concern would be over the thaw-unstable talik zone. The
fabric overlying the thaw zone would prevent the aggregate and thawed
subgrade scil from intermixing, which would tend to reduce the effective
depth and load distributing capability of the aggregate f£ill (19),

The presence of a geotextile fabric may induce the formation of
a natural filter in the subgrade soil, This process is initiated with
the migration of some scil particles through the fabric as a result of
fluid flow. Creation of the filter depends upon the soil grain size’
distribution, the porosity, opening size and opening size distribution
of the geotextile, and the hydraulic gradient of the flow (19). The

hydraulic gradient may be influenced by the in-situ stress state of the
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soil while permitting the free flow of water (19). When the frozen
soil under the toe of the embankment thaws, the resulting water is not

able to drain off properly. The surrounding permafrost does not lend

A
)
E
L
o

itself as an adequate drainage boundary so the water will tend to flow

through the fabric as the outer edge of the embankment consolidates due

to the loss of bearing capacity in the soil. This will result in

differential settlement in the embankment causing longitudinal cracks

RV ST

in the pavement. This has been one of the primary failure mechanisms

of roadway embankments constructed in these areas.

The primary function of the geotextile is provide tension rein-
forcement, transmitted from the adjacent soil by soil-geotextile shear
stress, The reinforcement tensile forces resulting from shear load

i

|
fabric, where tensile and compressive stresses may alter the pore size
distribution in a non-woven fabric (19). The filter induced by the
fabric typically maintains the separation of the aggregate and subgrade

t: transfer transmit soil loads from one location (unstable zone) in a

The load bearing capacity of the aggregate in an embankment is limited
by the shear stress which develop at the aggregate-subgrade inferface
(19). A layer of fabric at this location can resctrain interfacial
aggregate movement thereby increasing the interfacial shear strength

and corresponding load bearing capactiy of the aggregate layers (19).

The load bearing capacity of the aggregale 1s reduced differentially

when talik zones develop at the toe of roadway embanxments. Additional

& e Am ety AR ATt et aTs A= RPN LS TR VL gy R TR A KL AT (XTI R T T
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soil mass to another location (stable zone) (3). Granular materials
! have zero shear strength when no confinement is provided. When
confined, granular materials furnish excellent load bearing capacity.
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shear stress induced by the geotextile between the aggregate and talik
zone provides confinement for the aggregate, thereby increasing the

load bearing capacity.

1.2 Objective

The primary objective of this research paper is to estimate the
required geotextile properties for reinforcement of the Farmers Loop
Road in Fairbanks, Alaska so that surface deformations can be kept
within tolerable levels. Numerical analyses are used to evaluate the
effect of tensile strength, elastic modulae, and location of the

geotextile on the surface deformations of the road.

1.3 Purpose

The purpose of this research is to provide a technically sound
and economicaliy feasible alternative solution to the long term
problems associated with thaw-unstable foundation soils underlying
roadway pavements in permafrost regions such as Fairbanks, Alaska. The
functional life of a roadway constructed on permafrost is decreased by
the varying properties inherently associated with frozen soil.
Substantgial changes in bearing capacity, shear strength, and volume
contribute to decreasing the functional use of the pavement. Methods,
previously described, have been attempted to increase the long term
functional 1life of a roadway but have been successful only in the short
run. The main purpose of this project is to evaluate the properties of
a geotextile which may be used to reduce the magnitude of embankment
deformations given the progressive degradation of the permafrost

beneath the embankment slope areas.
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: 1.4 Research Approach §
r The success of any method of analysis largely depends upon how g
well the actual conditions may be modelled. For embankments %
i d
i o
f constructed over permafrost four basic failure modes may be defined: )
(1) Siope failure within the embankment. g
(&8
(2) Rotational failure involving the embankment and h
%
[N
t the foundation soil, %
® i
{ (3) Bearing capacity failure of the thaw-unstable talik. ?
[ (L) Differential settlement of embankment as a result of ﬁ
W
\
[ the consolidation of talik zone under the side slopes. Y
® \
Two computer programs are used to develop the required r
3
geotextile properties to evaluate stress distributions for each of %
these failure modes. STABGM: A computer program for slope stability S
analysis with circular surfaces and geogtextile reinforcement (7) is g
used to evaluate the stress distributions for the first two modes of ﬁ
£
failure. Finite Element Analysis for Dams (FEADAM) and Soil Structure E
o i
Interaction Program (SSTIPN) are used to analyze stress distributions }
kY
3
and evaluate geotextile properties for the third and fourth modes of %
failure, é
* I
Much of the numerical analyses work to date has been applied to ke
r\:
embankments overlying soft soils of one type. This literature will be &
‘,
used to develop a logical approach to the unique problems associated 2
with roadway embankments constructed on permafrost, !
N
)
.'1
i
%
}
g
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® CHAPTER II
SLOPE STABILITY ANALYSIS :
® The computer program for slope stability analysis with circular i
slip surfaces and geotextile reinforcement (STABGM) may be used to E
analyze internal and external stability of roadway embankments g
® constructed on permafrost. Internal stability refers to the stability ?.
of the embankment slope alone. Thus, the circular slip analyses Lo be é
employed are restricted to failure through the toe of the embankment. ;
e External stability refers to the stability of the embankment and E.S
foundation soil combined. For embankments constructed or:. soft soil, &
this is the most likely mechanism of failure (3). g
(]

2.1 STABGM

The computer program STABGM is a version of the computer nrogram

STABR modified in December 1984, by J. M., Duncan and B. K. Low. In

QP EOTMAS LRSI e v e,

addition to the slope stability analysis capabilities provided by

STABR, STABCM can be used to analyze slopes containing up to twenty *,,
layers of reinforcement, with the forces in the reinforcement layers 'i
varying along their lengths, !

The program caiculates the factors of safety for specified g
circles, or s:arches for the circular slip surface having tne minimum ::

A

e M

S, e

PR B s

......

o AP NS, T B By (O} . > ™ \
‘.L.L-J“:_..}‘ N o ¢ W 2; "-\‘:-\ \} FOAY "\}‘_n"" *""\"F W 'r"r 'x._." 'i‘:‘:' o, ' “s ;‘n".\-{‘x{.‘& _& 0O ’;\' "" .' ". '_&" e




rﬂ‘!.‘&:‘.‘al“s;"., 0Bt 0 RN SO € e s YA £ = A A A WL LB R AT Pl WL N AR Y S K L B MR R AT A R L W T T R WL A AR AR N e AR R REF B F LB RLRCNAR LR L

.

factor of safetv, using the Bishop's Modified Method or Ordinary Method
of slices. <2riefly, stability analysis using the ordinary method of
slices requires trial of a large number of assumed failure surfaces.

The failure zone is divided into a series of vertical slices. It is

assumed that each slice acts independently of its neighbor. There is
no shear developed betwsen them, and the normal pessure on each side of
a slice produced by the adjoining slices are equal (2). A series of
calculations are then evaluated to determine the resisting moment,
related to soil strength, and the overturning moment, related to the
weight of the soil mass. A factor of safety is then evaluated for each
trial failure surface. That which has the smallest factor of safety is
the most critical surface, i.e., the one on which failure is most
likely tc occur (20). The Bishop's Modified Method is a more refined
solution, The effect of forces on the sides of each slice are taken
into account. Through a series of trial and error ca.culations, a
factor of safety is found. The ordinary method of slices y.elds

results which are too conservative (4). The Bishop's Modified Method

is more representative of actual conditions and is used for the slope

® stability analys.s on the Farmers Loop Road. The program may be used
for either total or effective stress analyses, or a combination of
both, and with or without seismic forces.

2.1.1 Program Operation

The program consists of a main program (STAEGM) and three
subroutines (BISHOP, ROOT, and SOLU). T1e geometry of a slope is
describea in an X~-Y coordinate system. The X coordinate (horizontal)

increases from the top to the toe of the 3lope and the Y coordinate
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(vertical, increases downward, as shown in Figure 2.1. The program is
capable of handling irregular slope profiles, tension cracks, soil

layers with different properties and nonuniform thickness, complicated
pore pressure patterns, and irregular variations of undrained strength
with depth. ceeo(T)

Up to 20 vertical sections may be used to define the geometry of

last so0il layer boundary, should be well beyond the extent of any
possible slip circle. The strength of the soil in a layer may be
specified either by the cohesion intercept (c¢) and the friction angle
(¢) which are constant throughout the layer, or by a curve of undrained
shedr oiieugbhh vorsus depth. The total number of points describing the

variation of undrained strength with depth may not exceed 20. ....(T7)
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If a search for the critical cir-le is desired, the program

T: the slope. The first and the last vertical sections, as well as the

E’
searches for che circle having the minimum factor of safety by either
the Ordinary Method of Slices or Bishop's Modified Method. Either a
horizontal line to which all circles are tangent or a specific point
through which all circles pass must be defined. In addition,
coordinates of the center of the first circle to be aralyzed, and the
final grid spacing desired in the search must be specified. The search

[ starts with calculation of factors ot safety for the specifiea circle

center and for centers spaced symmetrically around the specified

center, as shown in Figure 2.2. The centers are generated in the order

72 T FEER TN W YT STCTET AL LT 2 UV 0 ST T

{ shown, by rotating around the specified center with a spacing whose
length is equal to twice the final grid spacing. veeo(T)

If a factor of safety less than that at the center of rotation
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FIG. 2.1 COORDINATE SYSTEM USED IN STABGM

VT T e A, Ay (e RN YV 0 e Py T R TR SRR R ., s

Yy AN T LI AN .-v\l_.&'_"'.'" ‘. "'.""' W a Lt
N A A 24 G R O N T TR £ 07 0 D R R R S PR



ED!P\.&.V‘“UNML‘ T LALLM TR W WL MUILR. R W P T WAL WS AL WU T3 U R WA W N ST TR RIS R R N

11

2
e < m
14 . 13
,[ u
4

P FIG. 2.2 FIRST CLOCKWISE ROTATION AROUND THE GIVEN CENTER A.
THE ROTATION STARTS AT POINT 1, WITH RADIUS OF
! ROTATION TWICE THE FINAL GRID.

FIG. 2.3 THE 45-DEGREE CLOCKWISE ROTATION AROUND THE CENTER B.
THE ROTATION STARTS AT POINT 1, WITH RADIUS OF
ROTATION 1.414 TIMES THE FINAL GRID.
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is found at any point, this point becomes the new center of rotation.

If the difference between the factors of safety at the 0ld and the new
centers of rotation is equal to or less than 5% of the factor of safety
at the new center of rotation, the spacing is reduced to the final grid

spacing. If a full rotation is completed and no factor of safety

e

smaller than that at the center of rotation has been found, a new

clockwise rotation round the same center is initiated with the spacing §

- ¢
being reduced to the final grid spacing. cese(T) !

¥

If a full rotation with the final grid spacing is completed and ~

no factor of safety smaller than that at the center of rotation has

been found, then another clockwise rotation around the same center is

z

initiated. This rotation, however, starts at an angle of 45° with the %E

horizontal., The increments of rotation are still 90°, thus filling in s

® the corners of the final grid, as shown in Figure 2.3. 1If no smaller i
factor of safety is found in this rotation, the factor of safety at the %

center of rotation is asgumed ¢o be the minimum factor of safety, and t

¢ - the search is terminated. eeedlT) i
If the minimum factor of safety has not been found after 51

circles have been analyzed, the search is discontinued without printing ;

¢ out a minimum factor of safety. The program then proceeds to search !
for the minimum factor of safety for the next depth limiting tangent. :

When this occurs, the user should rerun the problem, specifying a new &

. starting center for the search. It is frequently desirable to specify I
a rather large grid spacing for the initial search, so that the center ::

of the critical circle can be located, at least approximately, by :

¢ analyzing relatively few c¢ircles. Then a finer grid spacing may be !
\
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specified for a final search to locate the center of the critical E
¢ circle with a higher degree of accuracy. eees(T) E
With STABGM, the improvement in the factor of safety is {
considered to be due to the increased resisting moment provided by the
¢ reinforcement: g
. o Mp = 151 [rRi(yRi- yc)] (1) i
?:
in which AMg = resisting moment due to reinforcement 3
Fpi = force in i th layer of reinforcement where ‘
. it is intersected by the slip circle being
analyzed ‘
‘ Ygj = Y - coordinate of reinforcement (down is
¢ positive)
I, = Y - coordinate of circle center
N = number of layers of reinforcement
¢ The factor of safety of the reinforced slope is calculated as ;
follows: .
¢ Fo=F ;:MR (2)
0
in which Fy; = factor of safety for a given circle with !
¢ reinforcement '
Fyo = factor of suafety for the same circle without :
reinforcement, as calculated by the Ordinary '
* ¥Yethod of slices or Bishop's Modified Method ‘
@
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AMR = resisting moment due to reinforcement, calculated
using Equation 1
Mo = overturning moment for the circle
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STABGM will search automatically for the cu.rcle with the minimum

value of Fy to locate the circle with the minimum factor of safety.
Up to twenty horizontal layers of reinforcement can be

soecified, with as many as nine pairs of values of X-coordinate and

fcrce for each reinforcement layer to describe the variation of force

along its length.

2.2 Reinforcement of Embankments on Weak Foundations

Geotextile reinforcement may be use at the interface between
embankments and weak foundations to prevent failure of the foundation
soil (3). Two performance criteria usually considered for normal
embankments constructed on weak soil are adequate stability and
acceptable total and differential settlement (3). The failure
mechanisms associated with embankments constructed on permafrost are
similar in principle but not in sequence. Initially, embankments
constructed on permafrost are very stable. Permafrost is relatively
strong as a foundation soil, but once thawed, the soil becomes very
weak relative to its former strength. Additionally, thawing usually
occurs under the side slopes of the embankment and not under the
centerline which introduces the probiem of ncnuniform foundation soil
properties and differential settlement after construction.

Internal stability can be impaired if the embankment itself

lacks .nternal stability or if embankment failure results from
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'b excessive deformation or failure of the foundation soil under the
embankment load (3). Height of the embankment and the steepness of the
side slopes govern the internal stability of an embankment. Both
L parameters also influence the magnitude and distribution of stresses on
the foundation soil and, therefore, influence the stability of che
foundation soil (3). This interrciation is directly applicable to
e embankments constructed over permafrost which has thawed. Upon
thawing, the talik zone under the side slopes of the embankment loses i
bearing capacity resulting in settlemnent of the overlying side slopes. "}
° Consequently, the fill material may weaken and loosen thereby impairing ig
embankment internal stability (3). Embankment internal stability can .
be improved by layers of reinforcement placed within the embankment ::
L. (3,11,12,16,17,18,19). a
The placement of a layer of reinforcement at the embankment/ ;
foundation soil interface affects embankment internal stability two E
° ways. Upon thawing of the frozen soil under the side slopes, the E_
embankment soil may slide along the geotextile .nterface. This E
mechanism is more likely to occur if the inter..ce friction angle and :.
o adhesion are relatively low between the geoteyrt..e and the embankment :
|
soil (3). 1If lateral sliding does not occur, tie reinforcement layer :.:
will aid in reducing lateral deformations of %ti'w euwhankment, thereby i;
. minimizing the risk of creating voids in the fiii irom cracking (3). E
In conventional design methodology, prevention of embankment failure !
due to lateral sliding is the first step (3,12). /
- The next step is to address foundation soil stability. External a
failure, or failure of the foundation soil, is said to occur as a I
i
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result of one of two mechanisms: slip surface failure or bearing
¢ capacity failure (3). Slip surface failure occurs when a portion of
the embankment/foundaticn slides relative to the other stable part. If
reinforced, the slip circle would likely go through the embankment, the
¢ reinforcement, and the fcundation soil, A bearing capacity failure
would result when the embankment punches through the foundation soil.
s This would occur in conventional cases when the reinforcement in the
¢ embankment is strong enough to hold the embankment together to prevent
b a slip surface from developing (3). In permafrost regions, the dynamic
E effect of frozen soil thawing under an existing embankment does not
® lend itself to such a structured approach. Failure of an embankment in
these regions is likely tc encompass a combination of all three failure
mechanisms: 1latera: sliding, slip surface failure, and bearing
¢ capacity failure.
2.2 1Initial Analysis
L Verification of embankment stability as stated earlier must
consider three failure mechanisms. For embtankments constructed on ;
permafrost, these failure mechanisms are interrelated. Once the frozen :
@ soil thaws under the side slopes of the embankment, tearing capacity is i
lost within the thaw-unstable talik. As the talik consolidates, g
failure planes may develop within the embankment. 1If a geotextile is C
5
@ ' present at the embankment/subgrade interface, the risk of lateral ‘.’
sliding on the outer part of the embankment increases and may add to T
the development of failure planes. ,
o The evaluation of internal and external stability of the i
o
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| :
o embankment was initially evaluated using STABGM. The analyses of toe %
ana deep stability were evaluated based upon none, one, two, three, and §
four layers of reinforcement placed within the embankment., Analysis of p‘z;
° the embankment with no layers of geotextile reinforcement was also :
conducted to determine at what depth the most eritical slip circle f&
surface would be located (i.e., the depth of slip circle at which the Z
° lowest factor of safety was evaluated). E!
In addition to critical depths of slip circles, three distinct g
dimensions of soft thaw zone subgrade soil were also analyzed. The %
° geometry of the soft thawed zone which created the most critical 0
conditions (i.e., lowest factor of safety) in conjunction with the Z’
critical slip cirecle depth was then used throughout the remainder of i:
° the analysis. Once this critical depth and critical dimension of thaw ;
zone was established, further analysis of stability with geotextile :-
reinforcement was conducted. g:
® Ideally, reinforcement layers should be placed in the direction %3
of maximum tensile strain (3). For steep slopes, principal compressive
strains are nearly vertical and principal tensile strains are nearly
° horizontal (3). Therefore, reinforcement layers placed horizontally i
| provide a nhigh degree of efficiency. Also, reinforcement is generally
placed in horizontal layers to accommodate actual construcfion
sequences. I:’.'
g |
2.3.1 Assumptions g
Figure 2.4 depiets the conditions of the initial analysis. The w
® following assumptions represent the initial analysis: :}
t. Height of embankment = 5 feet, 5
.;'!
:
;z
* :

PR

SR I G RNE T N




A

TRty <A P

Vo 012 Rt W IS MR i) Ja i kT, H-F ¢ Ohlr S0, N

IRy

AN I K EANIAN AW ENY N

18

LF fwtal

SISATUNY TWILINI W98VLIS t°2 "9I4

S S o i i 1 JSLELANSREARFIV SN Tl o s ST IRV GV Y PR PLELFRFIREEE N

1So¥4VYN33d \
/

m\\

7/ /

//

ANOGZ Q3IMYHL

SE

g

w H3IAYT FIWARBL03D ONVONOANIGY —— — — — <l
A 5

n

i LA I h

%

# 0QOS <

1

x. 00Q0oS [

7 000S i _
J (ood »3d S91) 3>¥03 EEISA -0
W AFIONTYIS 1N3IWIOB0INIZE

]

m 494 QZi aQh 3Sd 000l — €

H 49d SEI oSE 4sd O — 1 -, S
w TN

7 inSwad 39NV NoOTIITHI Nawsanod

1 S31193409d INVTIILVN

,w. | L 1 1 1 1 1 1 o
Wm. wcm ~°P ~g -om ~°¢ ~°m ~0m uoa O

m

A L) e o ) ® @ ® ® ® e

RS

N

’ 1
L Sl R A P Y

-

L tama s
TR AT A s e
R NN

»
m A ool o

.
»
o X

‘4"\.\‘
v

NN
) SRR
?"14 woaN

™y

S

Ry

TR AT
AN

v

-LP)
.a'f'i'ﬂi‘!'i

- " R ™
1\: \\'
ot

i
-~

\.;}.-_ g

)
ot

RASLY

AORS

-

A AN S

- " -
RN
At At At

L
~ v

)




| SRS U RN 1 B Rl A I A S A O T EREY PO Sy RYS 0 NARSMIS S AN M £t AR TPy <4 204 T “Eio R iy K e i i o & W0 QL AN 800 E¥0 $70 S-S AWM A 6.4 B 424788 ¥\ oy

19

2. Slip circles analyzed were located tangentially at depths
of 3, 5, and 10 feet below the bottom of the embankment.
3. Thaw zones (soft soil) were located 10, 15, and 20 feet

from centerline, symmetric about the toe of the embankment.

o

4, No seismic activity was taken into account.

5. No pore pressures were taken into account (Total stress

analysis),
@

6. Reinforced embankment stability analyses were conducted with
geotextile layers located at 5, 4, 2, and 0.5 feet beneath
the top of the embankment.

@

T. Material properties were modelled as crushed stone in the
embankment, soft clay in the thaw zone, and stiff clay in
the permafrost zone.

®

The geometry of the talik zones used in the analyses is con-

* kv

:

o
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1
iV
o)
i
RY
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sistent with measurements obtained by the Alaska Department of Trans-
portation and Public Facilities (9,15,22). The material properties
were modelled according to relative strength to each other. They do
not represent actual material strengths. The embankment, crushed rock,
was modelled as a complete unit and not separate layers of fill, The

thaw zone was modelled as material with very little strength relative

B e ol ¥
4 s

to the embankment and permafrost. Material properties selected are

N

shown in Figure 2.4, %

* Embankment stability was initially analyzed with no layers of ,l
fu

geotextile reinforcement. This was to evaluate at which depth and ;

which dimensions of slip circles and thaw zones, respectively, provided E

¢ eritical conditions, -I
:
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Analysis was then conducted with layers of geotextile
. reinforcement within the embankment. Embankment stability was then
analyzed with one layer of reinforcement placed at the embankment/sub-~
grade interphase. Additional analyses with two, three, and four layers
o

of geotextile placed at 4, 2, and 0.5 feet beneath the embankment,
respectively, were conducted to determine the impact on embankment
stability. The geotextile reinforcement strength for the analyses with
one, two, and three layers was 5,000 1lbs per foot of width for each
layer. The strength of the upper geotextile layer in the analysis with
four layers of reinforcement was estimated to be 1667 lbs per foot of
width. Mobilization of the full force in the geotextile layer close to

the surface is not practical due to the minimal overburden pressure of

T RN AT I W Ty T e TR M O TSRS

the soil. Also, mobilization of the full force in all four layers was
modelled to occur three feet from the end of each layer (i.e., zero
force applied at endpoints and 5,000 1lbs force applied at three feet in
from each end for layer one).

2.3.2 Results of Initial Analysis

g g e L SRR Y TCTYTY TR Y Y Y

The analysis with no layers of reinforcement provided two
important pieces of information which impacted the remaining analyses, '
First, the depth at which the critical slip circle occurred was 10 feet :
below the embankment/subgrade interphase (i.e., lowest factor of

safety) (See Appendix A). Second, the dimensions of soft soil (thaw

zone) at which critical slip circle conditions occurred were at both 10 !
and 15 feet from the centerline, symmetric about the toe (i.,e., factors

of safety were equal for both) (See Appendix A).
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The analysis with three and four layers of reinforcement
revealed that no appreciable gain in safety occurred as a result of the
fourth layer.

2.3.3 Revisions

The following revisions were made to the initial conditions
based upon the results obtained (See Figure 2.5):

1. Embankment depth was increased to seven feet.

2. Analysis was conducted with the thaw zone located 10 feet

from centerline, symmetric about the toe of the embankment.

(W8]
-

Analyses were conducted with none, one, two, and three
layers of geotextile.

4, Stability analyses were conducted with slip circles located
at a depth of 10 feet below the embankment (external
stability) and through the toe of the embankment (internal
stability).

The embankment depth was increased to seven feet to allow for a
more conservative analysis. The greater the embankment height, the
lower the factor of safety. Analyses of external stability were
conducted to establish the required geotextile reinforcement to achieve
a minimum factor of safety of 1.0. Analyses of internal stability were
only conducted to compare factors of safety with extzsrnal stability

analyses.

2.4 Results of STABGM Analyses

The results of the revised analyses are summarized in Table 2.1.

Geotextile reinforcement strengths of 5,000, 7,0C0, 9,000, and 8,000
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Table 2.1, Summary of Results
@
TANGENT SLIP CIRCLE:
Slip Circle
Number of Depth Below Factor of Force of
{) Reinforcing Layers Embankment Safety Layer
3
; 3 ft 0.719 -
None 5 ft 0.636 -
10 ft 0.593 (critical)-
® One 10 ft 1.043 8000 lbs
(7' below surface)
Two 10 ft 1.035 5000 1bs
(4' and 7' below surface) 10 ft 1,035 (each)
® Three 10 ft 1.062 1666 1lbs
(2', 4' and 7' vbelow surface) (Layer 3)
5000 lbs
(Layer 1 i:
o TOE FAILURE: I
Reinforecing Layers Factor of Safety Force of Layer tl':
None 0.373 - {
'
® One 0.598 5000 1lbs
(7' velow surface) .
',
Two 0.726 5000 (each) )
(4" and 7' below surface) i\
)
) Three 0.748 1666 1lbs (Layer 3) i
(2', 4', and 7' below surface) 5000 1lbs (Layer 1 0
and 2) §
6 L
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lbs per foot of width were analyzed to produce the strength required

for a minimum factor of safety of 1.0 (See Appendix B). Analyses with
two and three layers of reinforcement revealed that 5,000 lbs force was
required to achieve a factor of safety of 1.0 (See Appendix B). It
should be noted that with three layers of reinforcement, the top layer
was modelled as mobilizing one third the strength due to the minimal
overburden pressure. Also, there was minimal gain in factor of safety
from the addition of the third layer. The analyses of internal
stability revealed the layers of reinforcement strength required for a

factor of safety of 1.0 in the external analyses were not strong enough

to achieve the required minimum stability requirements (See Appendix B).

These results indicate internal stability is more critical, however,
the risk of failure for an embankment overlying soft material is more

likely to occur in the soft subgrade soil (3).
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CHAPTER III

NUMERICAL ANALYSES

» Two computer programs were utilized to analyze the perplexing
roadway conditions of the Farmer's Loop Road in Fairbanks, Alaska.
] FEADAM8Y4: A Computer Program for Finite Element Analysis of Dams was
initially used to model existing roadway embankment conditions.

SSTIPN: Soil Structure Interactive Program was then used to model

¢
g
¥
:
B
!
g
1§
g
!
E
4
5
-
"
£
E
!

b conditions for a reinforced roadway embankment constructed on
permafrost.
+ 3.1 FEADAM8Y4 Analysis
FEADAM8Y is an incremental finite element program for two-

dimensional, plane strain analysis of earth and rockfill dams and
slopes. 1t calculates the stresses, strains, and displacements due to

incremental embankment construction and/or load application. The non-

@
ples ol g SIS LT

linear and stress history dependent stress-strain and volumetric strain {3

properties of soils are approximated using a hyperbolic model modified ;

r by Seed and Duncan (1984), cees(8) !
This program is a modified version of the program FEADAM develop- ,

ed by Duncan, Wong, and Ozawa (1980). The original incremental :

* analysis procedure was coded in the program LSBILD by Kulhawy, Duncan, !
and Seed (1969). The subsequent program ISBILD, by Ozawa and Duncan r

(1973) incorporated (a) isoparametric elements with incompatible dis- ‘i

P rlacoment modes developed hy Wilson et al, (1971), (b) a more accurate f
:
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procedure for assigning initial stresses to elements, and (c) more
efficient computational techniques, including a new equation solver,
developed by Wilson (1971). The program FEADAM, by Duncan, Wong, and
Ozawa (1980) incorporated (a) a new model for stress-dependent bulk
moduli, and (b) new criteria for differentiation between primary
loading behavior and stiffer, elastic unloading/reloading behavior.

The unloading-reloading model was subsequently deleted by Wong and Seed

[‘ (1982), who also modified the bulk modulus model. ceee(8)
In its present form, FEADAM84 incorporates the following
modifications to the earlier program FEADAM:
¢ (a) A modified version of the model for unloading/reloading \2
behavior has been reinstated on an optional basis, E.
o (b) New criteria are employed for determination of whether a

given soil element is in a state corresponding to primary
loading or unloading-reloading behavior,

(¢) A modified lower bound constraint is incorporated in the

$ fargn pU AR g L R

stress-dependent bulk modulus model,

—
e

(d) The new program has the capability to model weightless,
linear elastic soil elements with zero initial stresses.

3.1.1 Non-linear Incremental Finite Element Methodology

A successive—increment procedure is used for approximating non-
linear stress and stress history dependent behavior of soil, in which
progressive loading is divided into a number of small increments, and
the soil behavior is assumed to be linear within each increment. The

modulus values used to model each soil element are re-evaluated each

s OIS XY e 0y O YT e S O T

increment in accordance with (a) the stresses in the element, and (b)
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the previous stress history of the element.

The incremental stress-strain relationship for an isotropic
material under plane strain conditions may be expressed as follows:
o LT (3B+E) (3B-E) o0 be
bo, = 953? :  (B-E) (BB 0 e (3)
qu 0 0 E Any
®
where Aoy and Aoy are the incremental stresses in the x and y
directions respectively and Atyy is the incremental shear stress. Aey
and bey are the incremental strains in the x and y directions
0 respectively and Any is the incremental shear strain. E and B are
Young's modulus and bulk modulus respectively. (1)
The non-linear, stress-dependent and stress-history-dependent
P soil behavior model is a modified version of the hyperbolic stress- S
strain, strength, and volumetric strain model proposed by Duncan et al.
(1980). The original (1980) model has been modified in order to : a) :'
F. provide improved modetling of soil behavior during unloading/reloading, E
b) eliminate a source of potential computational instability for some i‘
types of incremental loading paths, and ¢) provide improved modelling :\
F' of bulk moduli at low stress levels and high confining stress. ....(8) I
The original (1980) model assumes that stress-strain curves for E&
soils at a given confining stress (03) can be approximated as hyper- ;S
* bolas shown in Figure 3.1(a). The hyperbola ia this figure can be ’!
represented by an equation of the form ‘E
&
le () = 03) = ———— (1) i
By v (9 7 93)uie ¢
leo !
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E, (0y-03)

( g, -‘(7'3))
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| (07-03)s
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' Hyperbolic Representation:
°®

—
€
(a) Hyperbolic Representation of Stress-Strain
® Curve for Primary Loading.
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(b) Linear Unloading-Reloading Stress-Strain Relationship |
;

FIG. 3.1 HYPERBOLIC MODEL FOR STRESS-STRAIN BEHAVICR i
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@ a) Stress Level Criteria
™ <,
° e $ CONSTANT STRESS LEVEL}
] »
5 7 - :
W 5
Q (%) »
2 £/ . PRIMARY :
o W S/ LoADING !
o > N
Y § :
N ;
a § UNLOADING ~ :
RELOADING i
o h | & |
W |9 :
x |3
- & - :
n yd
yd ;
?
. |
CONFINING STRESS ~ o*é !
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FIG., 3.2 COMPARISON BETWEEN STRESS LEVEL AND STRESS STATE !
CRITERIA FOR ASSIGNMENT J¢f UNLOADING-RELOADING MODULI .
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where Ej is the initial tangent modulus, and (¢y - 03" . is the
asymptotic value of deviatoric stress. In order that the hyperbolic
curve should fit the actual stress-strain curve of a given soil as
closely as possible (o7 -~ °3)ult is always greater than the compressive
strength of the soil (o7 - ¢3)r. The two values are related by a

constant failure ration (Rg) as

(g1 = 03)¢ = Re(oq = 03)y1¢ (5)

and Re is typically hetween 0.6 to 0.9 for most soils. When the
deviatoric stress exceeds (g - ¢3)f, a failure condition is assumed as
shown in Figure 3.1(a). The deviatoric stress at failure is determined

by the familiar Mohr-Coulomb failure criteria as

2C * cos¢ + 203' sing

17930 = 1 - sing (6)

where ¢ and ¢ are the cohesion intercept and friction angle of the soil.

The model allows variation of ¢ as a function of 03 as

a
=6 - Ab - 3
o= 0, 80 log1o(Pa) (7)

where ¢, = the soil friction angle at confining stress of o3 = Py,
8¢ = the reduction in ¢ for each 10-fold increase in 03, and

Pa

atmospheric pressure, introduced in order to make the model

independent of the system of units chosen.
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The instantaneous slope of the hyperbolic stress—strain curve

shown in Figure 3.1(a) is the tangent modulus Ey, whicn is a function

MY EEC 2 X

offconfining stress (o3) and stress level (SL), and which can be

expressed as

Et, = [1 = (Rp » SL)I2 + K » Py * (03/Py)" (8)

where K,n = Model parameters (constants) relating to the initial

modulus (E;j, see Figure 3.1(a)) to the confining stress g3 as

|
3
P E{ = K+ Py + (03/Py)" (9)
and SL = Stress Level, defined as the ratio ’
SL = (09 - 03)/(01 - 03)f (10)
The tangent modulus modelled according to Equation 8 increases

Y
:

o
S L

22 7o
2" e

eid
2

S Y

,.
]

LS

with increasing confining stress (03) and decreases with increasing

stress level (SL). veee(8)

When the current stress level was less than the previous maximum

P R e ionioetes

o

»

stress level (Slpay past)s the unmodified (1980) model assumed the soil

to be no longer in a state of primary loading, but rather in an g
t unloading-reloading state. Unloading and reloading were modelled as g
linear and elastic as shown in Figure 3.1(b). The unloading-reloading §
modulus were modelled as a function only of 03 according to the ?
equation 7
l' i

r
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= n
Eup KUP * Pa(03/Pa) (1)

where K,n is typically 1.2 to 3 times greater than K (the modulus

L parameter determining Ej). veea(8)
The bulk modulus of the soil is assumed to be independent of
stress level, and can be expressed as a function only of g3 as
B=Kg * Py (03/Pa)m (12)

where Kg and m are dimensionless parameters (constants). Modelling the

bulk modulus (B) as being independent of stress level results in

level, and Poisson's ratio can be expressed as ;

v=1/2 - Et/6B (13)

The bulk modulus in the (1980) model was at all times constrained such
that E¢/3 < B > 17 E¢, which in effect constrained Poisson's ratio such

that 0.0 < v > 0.49 (see Equation 13). veea(8)

Together, the soil modulus (E¢ or E,n) and the bulk modulus (B)

define the stress-strain and volumetric strain behavior of a given

modelling an increase in Poisson's ratio (v) with increasing stress
F level because the soil modulus (Eg) decreases with increasing stress "

¢

total or effective stress soil behavior.

material. Thnis relatively simple, straightforward hyperbolic model may |
be formulated and applied in terms of either total stress (g) or !
effective stress (o') by using input parameters appropriate either for |
®
L
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The unmodified (1980) model suffered from two problems concerning
. unloading-reloading.
The first of the two problems with the previous model for un-
loading-reloading moduli is that the simple stress level criteria used
¢ for differentiating between primary loading and unloading-reloading
behavior does not appear adequate for many purposes. The line of
‘ constant stress level in Figure 3.2(a) represents the division,

according to the earlier (1980) model, between primary loading and
unloading-reloading stress paths for an element of soil currently
existing at a stress condition represented by point A, where the stress
level at A equals the maximum stress level achieved so far (Sbpay past)-
This division between primary loading and unloading-reloading is
defined by assuming unloading-reloading moduli for all conditions where

SL < Lpax paste ©Subsequent investigations have indicated that this

simple stress level criteria for assignment of unloading-reloading
moduli should be modified in order to include consideration of
variations in the confining stress (03) as well as variations in stress
level., The new (modified) model therefore distinguishes between

primary loading and unloading-reloading based on "stress state” (SS)

T S T KT R X LN Y 0 VNS SN T VN Y TN X i

¢
defined as
ss = st (e 7PL) (1) f
3 a .
g |
where SL = Stress level = (g1 - 03)/(0q - ¢3)¢, and :
r
Py = atmospheric pressure, introduced in order to allow taking E
the fourth power radical of a dimensionless number. :
@
{
E
® |
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Soil Modulus (E)
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0 e e cvmmy v e
. )

|

Pt 2

° ~ Primary Loading
\Qdulus (Ey)
|

> Stress Level (SL)

——
-Safd

¢ \SLmax past

a) Previous Model for Unloading~Reloading Moduli

ooy YD IR T,

Soil Modulus (E)
/Unlooding-Relooding Modulus (E )

i
-
[
b
&
y
b

N f-
\ 8
® \\ Primary Loading !
~ Modulus ( E4) {
~ )
| ﬁ
- —= Stress Level (SL)
2 .
/s Skriy/ N SL crit
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FIG. 3.3 MODELLING UNLOADING-RELOADING MODULI WITHOUT
INTRODUCING COMPUTATIONAL INSTABILITY
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The new model assumes primary loading moduli (E¢) are appropriate when
the current stress state is greater than or equal to the maximum
previous stress state (SS > SSpay past), and otherwise assumes
unloading-reloading moduli (E,,.). Based on this criteria, the critical
stress level (SLypit) above which primary loading behavior is assumed

for a given current confining stress (¢3) may be calculated as

Ssmax ast
. —__max past
Slopst = (15)

v 03/Pa

Figure 3.2(b) illustrates the division between primary loading
and unloading-reloading stress paths based on the new stress state
criteria for the same initial conditions as were shown in Figure 3.2(a).
The stress space is now divided by a line which is slightly concave down-
wards, and inclined slightly away from the constant stress level line.

The second, and most serious, problem with the previous model
for unloading~reloading behavior is that it can lead to computational
instability during incremental analyses. Figure 3.3(a} illustrates the
s0il moduli resulting from application of the unmodified 1980 model.

At all stress levels greater than or equal to the maximum previous
stress ievel (SLpayx past) the primary loading modulus (E¢) is applied,
and at all lower stress levels the unloading-reloading modulus (E,p) is
applies. The sharp discontinuity shown to occur in this figure at

Slmax past can result in a sudden change in modulus by a factor of more
than 10 or 20 at this point. This can lead to computational instability
during incremental finite element analyses, as soil elements incremen-

tally subjected to loading at fairly constant stress levels may, as a
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result of minor fluctuations in stress level, cross back and forth
across the discontinuity experiencing large and unwarrantecd sudden
changes in modulus. Attempts to minimize the impact of this source of
potential computational instability by setting the boundary between
primary loading and unloading-reloading at 0.95 SLpax past were
unsuccessful, vees(8)

In order to prevent this potential source of computational in-

E
i
%
|

stability, the new model provides for a less abrupt transition between
unloading~reloading and primary loading moduli as illustrated in Figure
3.3(b), and described below:

1. The transition from unloading-reloading to primary loading
is based on the new stress state criteria as described
previously. Knowing the stress state (SSpay past) which
defines the boundary between primary loading and unloading-
reloading behavior, the stress level (SLynit¢) at which
primary loading begins for a given confining stress (03) can
be determined using Eq. 15.

2. When SL > SLypjt, the primary loading modulus (E¢) as
determined by Eq. 8 is used.

3. When SL < 3/4 SLapit, the unloading-reloading modulus (E,p)

as determined by Eq. 11 is used.

4. When 3/4 SLapjy € SL < SLppjgs, the modulus used is derived

e M T At TR

by linear interpolation between E,, at 3/4 SLyniy and E¢ at
SLorits a8 shown in Figure 3.3(b).

This continuous linear traensition between Eur and E¢ eliminates

- e——ca 4 & A

the sudden E¢/E,, discontinuity, and thus reduces the associated
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potential for computational instability inherent in the previous model.
The price of this elimination of a source of computational instability

is that the new model underestimates, to some extent, the soil modulus

L during the initial stages of the transition from primary loading to

E unloading behavior. This underestimation is, however, of much less
significance than the previous instability. 1In addition, the new model
(a) provides (correctly) for a modulus in the range 3/4 SLgpjr < SL <

SLopjt Which is significantly higher than E¢ during both unloading and

reloading, (b) provides an appropriate modulus (E,pr) in the range SL <
3/4 SLgpit, (c) provides an appropriate modulus (E¢) in the range SL >
SLopits» and (d) provides an improved model for soil behavior during the
transition from reloading to primary loading. veea(8)
The previous (1980) model had a tendency, under certain

conditions, to underestimate the bulk modulus (B) and thus to under-
estimate minor principal stresses as well as soil strength and stiff-
ness. This problem occurred most frequently in elements with very low

3 stress levels and high confining stresses. In order to overcome

N R Yy MR G e e T PN TR0 o IR YT ¢ T AT W

tendency of the bulk modulus model to underestimate Poisson's ratio at

low stress levels for some soils, the lower bound constraint on the new

L]
model has been modified such that
2 - sin¢ °
B.in > (E¢/3) { ST } for ¢ > 2.3 (16)
and Bmin = 17 E¢ for ¢ < 2.3° (16a)
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This supercedes the unmodified (1980) lower bound constraint of

Bmin > Et/3 which constrained only against negative values of Poisson's

}

2_
R
o
Y

ratio. When ¢ < 2.3°%, v is thus set equal to 0.49, as is appropriate

for a cohesive soil under undrained conditions. For ¢ > 2.3%, this

3 simple lower bound constraint on B has the effect of constraining ﬁ
R

Poisson's ratio be greater than or equal to vpj, where ﬁ

L

:

_ 1~ sin¢ L]

@ Ymin ~ 2 - sing a7 :!
<

Iy

i

3.1.2 Analysis Procedure

® The program FEADAM8Y calculates the stresses, strains, and dis-

LN

placements in embankments, simulating the actual sequence of
construction operations and post-construction loading conditions. The
non-linear and stress dependent stress-strain properties of the soils
are approximated by performing the analysis in increments.

An increment may consist of the placement of a new layer on the

embankment, or of application of loads to a complete embankment. Each

increment is analyzed twice (a two-iteration process), the first time

using modulus values based on the stresses at the beginning of the

:
;
.
:
:
i
:
w
3
iw
¢
T
h)
¥

< increment, and the second time using modulus values based on the

s Ry

average stresses during the increment. The changes in stress, strain,

S

and displacement calculated during the second iteration of each incre- g

¢

o ment are added to the stresses, strains, and displacements at the .
beginning of the increment to give the total or cumulative values up to 5

.

~

that stage of the analysis. vees(8) .
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:
[ During each increment, each element is checked to determine if ‘E;,s
F. it is in a state of primary loading, unloading/reloading, tensile Gt
failure, or shear failure, and is modelled accordingly as follows: Ej
a) Primary Loading. Primary loading moduli are used when the é
-
= stress state of an element is greater than the maximum %
iF
| previous stress state of the element, and the minor ‘:1
principal stress (o¢3) is positive. If o3 is positive but :‘3'._‘
¢ less than 0.05 times atmospheric pressure, the modulus ,!
values are computed using o3 equal to 0.05 atmospheric ?::;1
) pressure. If no unloading-reloading elastic modulus number :{.‘!
¢ is specified for a given soil type, then all elements of ;},
that type are modelled with primary loading moduli f
regardless of stress state, unless the element is in a state "
¢ of tensile or shear failure. cese(8)
b) Elastic Unloading. Unloading-reloading modulus values (E;) }
are used when the current stress state of an element falls :
¢ below the previous maximum stress state. Linear elastic i'
(stress-state-independent) materials may also be modelled “
using the program FEADAM8Y, and these are never considered -;
¢ to be in an unloading-reloading condition. vesa(8) !
¢) Tensile Failure. Tensile failure occurs when 03 is negative, ’
During the first iteration, the assigned bulk modulus (B) is ;31
¢ computed using 03 equal to 0.1 times atmospheric pressure !
and the soil modulus (E) is set equal to one-tenth of the C
bulk modulus. If at the end of the first iteration the :l
¢ element is still undergoing tensile failure, both of the !:
;
3:
¢ .
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moduli (E and B) are reduced to one-tenth of the values used

E. in the first iteration. Linear elastic materials are not
subject to tensile failure. v s (8)
d) Shear Failure. Shear failure occurs when the stress level
. of an element exceeds 95% of its shear strength. Modulus
values are modelled using Equation 6, but corresponding to a
condition where the product of stress level (SL) times the
1® failure ration (Re) equals 0.95, resulting in very low
elastic moduli. Linear elastic materials are not subject to
: shear failure. eese(8)
L .
3.1.3 Initial Analysis
FEADAMBY4, in its present form, is not capable of calculating
internal forces and displacements of structural elements such as a
F‘ geotextile placed in a roadway embankment. However, FEADAMBY is
capable of modelling the failure mechanisms and stress distributions of
existing roadway embankments constructed on permafrost. Analysis of
o geotextile reinforced roadway embankments will be accomplished with the !
use of SSTIPN obtained from Dr. J. M. Duncan at Virginia Tech. (See :
Appendix C) !
o i
3.1.3.1 Summary of Analysis. Two material properties can be f
specified within the FEADAM8Y4 program: (1) a linear elastic material :
which is not subject to shear failure and which can take tension, and ;l
i (2) a stress dependent non-linear elasto-plastic material which obeys !,
the hyberpolic stress-strain and volumetric relationships described in '
Section 3.1.1 ;
® I
|
@
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Linear-elastic materials are not applicable to this analysis and

will not be discussed.

For the stress dependent, non-linear elasto-

plastic soil materials, a total of nine parameters are required as

summarized in Table 3.1.

Table 3.1 Summary of the Hyperbolic Parameters

Parameter Name Function
K, Kyr Modulus number
Relate E; and Eyp to o3
n Modulus exponent
e Cohesion intercept
Relate (01-63)f to 03
¢, A Friction angle parameters
Re Failure ratio Relates (g1-03)y1t to (01-03)f
Kp Bulk modulus number Value of B/Py at o3 = Py
m Bulk modulus exponent Change in B/P5 for ten-fold

increase in 03

All of these parameters can be evaluated from a series of triaxial

compression tests.

(1974).

These procedures are described by Duncan and Wong

&

¥
3‘.
3
v
l-‘.
il
-
5
-

g g
AGEEED

k0

N

s

e
Y3
& -‘-u

o=
e

SR e T T AR

2 RN N O R LVC Y

.
LA

(]
.
.
-
<
o
[
-
»
.
.
LK




»
e
Ll W

Ty

i;
!
&

-

e

Three steps are required to accurately model the existing @

o failure mode of the Farmer's Loop Road in Fairbanks, Alaska. First, 5
the question of "What were the causes of roadway embankment failure?" ;s

must be answered. Second, an appropriate representation of the roadway f'

f. embankment geometry including foundation soil must be defined. Third, 5

an accurate representation of the roadway embankment performance

3

-3

S

through the selection of soil parameter values to be input into the

£3
7

program.

S5

The failure mechanisms associated with roadway embankments

Tat

overlying weak foundations have been described in Sections 1.1 and 2.2.

zs 32

The failure of the Farmer's Loop Road is directly related to the

seasonal thawing of the frozen foundation soil underlying the side 3
slopes of the embankment. This degradation can be further amplified by :
. the insulating effect of snow over the sideslopes which prevents the
complete freeze-back of the active layer (13). The consequential
consolidation of the thaw unstable permafrost results in differential
® settlement of the roadway embankment showing up as longitudinal cracks R
along the wearing surface (13, 184), as shown in Figure 1.1, ':\:
The roadway embankment geometry selected for the numerical ;:
® analyses (See Figure 3.4) is taken from the State of Alaska Department E
A
of Transportation and Public Facilities (DOT&PF) Typical Cross Section ;
of Farmer's Loop Road (See Figure 3.5) and the Engineering Geology and 'Q’
[® Soils Report (1985). The actual roadway embankment geometry varies g
along the length of the road ana is a function of the amount of cut and ES
é. fill, grade, and superelevation of curves., The geometry selected in ?.
the analysis represents a typical section along the road. ,'
i
.
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Modelling embankment performance is primarily dependent upon the
proper selection of soil parameter valves to be evaluated by the
program. The soil parameters used in the hyperbolic model may be
obtained from triaxial compression tests. Three soil types are used in
modelling embankment performance in both FEADAM8Y4 and SSTIPN. The
roadway embankment is modelled as one type for convenient use in the
program. Permafrost and thaw-unstable permafrost parametric values are
estimated from Duncan et al. (1974) due to insufficient availability of
test data on these types of soil materials. Since actual data are not
available for the thaw-ustable permafrost, the objective is to obtain
relative strength data for the three soil types used to model exiséing
conditions. The three soil types modelled are crushed rock for the
embankment, soft clay for the thaw unstable permafrost, and hard clay
for the permafrost. The parametric values obtained for the crushed
rock were obtained firom Schauz (1981). The data obtained for soft and
hard clay were obtained from Duncan et al. (1974). The values obtainea

for all three soil types are summarized in Table 3.2.

Table 3.2 B50il Parametric Values Used in FEADAM8Y and SSTIPN

Parameter Crushed Rock Soft Clay Hard Clay
K 6600.0 40.0 1000.0
Kur 8000.0 80.0 1500.0
n 0.5 0.3 0.4
Re 0.5 0.9 0.7
Kp 1500.0 20.0 500.0
m 0.6 0.2 0.5
c 0 psf 100 psf 1000 psf
¢ 35° 0° 40°
49 0° 0° 0°
Y 135 pef 106 pef 120 pef
o 0.5 0.5 0.5

---------
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The relative locations of the soil types and mesh used in the
finite element analysis are shown in Figure 3.6. Location of the talik
zone used in the analyses is consistent with data obtained by the State
of Alaska DOT&PF (13, 14, 19). For most cases reasonably accurate
results can be achieved by using eight or more layers in the mesh, and
adding one layer at a time to the embankment. However, six layers were
used to investigate the relative accuracy of the mocdel with that of
Figure 1.1. Six layers also allowed more flexibility in areas which
required some refinement (See Figure 3.7). Figure 3.8 represents the
deformed state of the original model. The failure mode associated with
the Farmer's Loop Road can be detected in Figure 3.8. The deformed
geometry plot is performed using Program GRAPH (See Appendix D). The
consolidation of talik zone and severe surface deformation of the top
of the embankment are clear., Through analysis of this figure, the

material properties are reasonably accurate for further use in SSTIPN,

3.2 SSTIPN Analysis

SST1PN calculates stresses, strain and displacements in soil
elements and internal forces and displacements in structural elements
by means of analyses which simulate the actual sequence of construction.
The non-linear and stress—dependent stress-strain properties of the
soils are approximated using the procedures developed by Kulhawy,
Duncan, and Seed (1969). The structural materials are assumed to
behave linearly. The so0il model used is predecessor to the existing

30il model used in FEADAM84. The purpose of utilizing SSTIPN is to

o analyze the effects of placing different structural materials within a
®
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FIG. 3.8 DEFORMED EMBANKMENT GEOMETRY OF FEADAM84 ANALYSIS
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3 f"oadway embankment constructed on permafrost.
e
1 3.2.1 Assumptions
The results of FEADAMBU reveal some important points. First,
the soil parameters selected for the analyses are appropriate and
¢ accurately model roadway embankment performance in permafrost regions.
The deformed roadway embankment model, Figure 3.8, depicts the
distressed condition as a result of thaw~unstable foundation soil
d located beneath the side slopes of the embankment. Second, the 1
geometry and location of the soil types are relatively accurate within
the model. The relative location of the soil material properties, .
¢ Figure 3.6, allows the roadway embankment model to behave consistently !.
with DOT & PF articles (9, 21). i
The conditions of the SSTIPN analyses are as follows: :
. 1. Embankment geometry is identical to both STABGM and FEADAM8Y |
analyses. Foundation soil height = 10 feet. Embankment 1
§
s0il height = 7 feet. Total number of soil elements if .
¢ increased from 48 to 78 elements. I:
2. Five different strength modulae are analyzed for the :
geotextile properties. In addition, five different
¢ conditions are analyzed for each separate geotextile ;
strength modulus.
3. Soil/geotextile interface is modelled for no slip between
v soil elements and structural elements. 1‘
Figure 3.9 depicts the mesh that is used in the SSTIPN analyses.
The foundation and embankment numbers cf layers are increased to three
|
o
Bl fa s e e e e e
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and six, respectively to provide more accurate results of displacements
and stresses. Figure 3.10 depicts the location of the three soil
material types in the analyses. The location of the thaw-unstable

material beneath the side slopes is consistent with articles from the

state of Alaska DOT&PF (9, 15, 21).

PR
SOy

The five geotextile strength modulus are displayed in Figure

AEg

i
i
'\\

&
E
p
¢
3
{
a

3.11. Tensile strengths of 1000, 2000, and 4000 pounds per inch with
strains of 5 and 20 percent are evaluated. SSTIPN does not
differentiate between modulae with different strain. SSTIPN calculates

the stiffness of each member in force per unit width without considera-

© tion to percent elongation. Therefore, a material with strength of
1000 pounds per inch at 5 percent strain is identical to a material
with a strength of 4000 pounds per inch at 20 percent strain.
* The five conditions analyzed for each strength modulae are as 5
follows: i
1. Three layers of geotextile are located within the embankment. é
* The first layer located at the embankment/foundation inter-
face and the second and third layers located three and five
o feet above the embankment/foundation interface,

respectively.
2. Three layers of geotextile with identical locations as the
irst condition with a pre-tension of 1000 pounds per foot
on all three layers.

3. One layer of geotextile located at the embankment/foundation

Lt LU e e Y T e " e e IR Rt YT T N TN T DN R,

interface.
@
4, One layer of geotextile located at the embankment/foundation
®
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interface with a pre-tension of 1000 pounds per foot.

5. One layer of geotextile located at the embankment/foundation
interface with a pre~tension of 1000 pounds per foot. The
geotextile extends 10 feet beyond the toe of the embankment.
SSTIPN has the capability of modelling friction between soil
and structural elements. The geotextile/soil interface is
modelled with total friection, i.e., no slip between the soil
and geotextile. The overall accuracy increases only by
about 5 percent with the addition of friction elements.
Modelling without friction elements is convenient for
repetitive analyses and does not reduce the accuracy enough
to cause a significant difference.

3.2.2 Results of SSTIPN Analysis

The analysis of SSTIPN results includes obtaining displacement
and stress data from the output tc evaluate the effect of each
different modulae given the different conditions. The analysis of the
roadway embankment with three layers of geotextile did not provide
reliable results due to instability of SSTPIN in calculating
dispiacements. Therefore, analyses of the five modulae with the first
two condicions mentioned will no longer be discussed.

Displacement data extracted from SSTIPN output for all five
different strength modulae with the last three conditions are plotted
using the GRAPH in Appendix D. Figures 3.12 through 3.27 depict the
deformed geometry for each case. Figures 3.28 through 3.43 the

deviatoric stress distribution for the identical conditions used to

plot the deformed geometry.
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